338                                 PHYSICS OF THE AIR
Now at the temperature assumed, a column of air 2000 meters high whose cross-section is 1 square cm., and whose base is at sea level, weighs, roughly, 210 grams, and its heat capacity, therefore, is approximately that of 50 grams of water. At the top of this column the temperature can be, at most, only about 20° C. lower than at the bottom, correspond- . ing to the adiabatic or maximum temperature gradient, and if the rain leaves the top at this temperature but reaches the earth 7° C. colder than the surface air before the storm (temperatures that seem at least to be of the correct order), it will have been warmed 13° C. during its fall,. and the air column, at the expense of whose heat this warming was produced, cooled, on the average, about 0.5° C. But, as a matter of fact, the air usually is cooled 5° to 10° C. Hence, while the temperature of the air, necessarily, is reduced to some extent by mere heat conduction to the cold rain, much the greater portion of the cooling clearly must have some other origin. Further, since (a) is inadmissible and (6) only a minor contributing factor, it follows, by exclusion, that of the three obvious causes, only evaportion is left to account for much the greater portion of the cooling. Consider, then, whether evaportion really can produce the effects observed.
(c) It is a common thing, in semiarid regions, to see a heavy shower, even a thundershower, leave the base of a cloud and yet fail utterly to reach the surface of the earth. Hence, it appears quite certain that, in the average thunderstorm, a considerable portion of the rain that leaves the cloud may evaporate before it reaches the ground, and, therefore, that the temperature decrease of the atmosphere may be largely owing to this fact. But if so, why, then, one properly might ask, does not an equally great temperature drop accompany all heavy rains?
The answer is obvious: It is because, as a rule, the temperature is higher, the relative humidity lower, and the temperature gradient more nearly adiabatic, during a thunderstorm than at the time of an ordinary rain. Other rains, those that are accompanied by long horizontal, and slow, rather than rapid, upward movements of the air, begin only when the humidity is so high that but little evaporation and, therefore, but little cooling from this source can take place. In such rains, there is ^nothing that can greatly increase the density of the air and, consequently, "there is no rapidly descending current or wind. Thunderstorms, on the other hand, are developed by strong vertical convection which establishes a nearly adiabatic gradient and when the relative humidity, in the case of the heat thunderstorm, at least, is low, 50 per cent, say. Evaporation into this air, as soon as the rain has begun, obviously must be rapid, with the consequent cooling and increase of density correspondingly great. Hence, since the temperature gradient was already nearly adiabatic, a strong downward current, necessarily, is established in the midst of the falling and evaporating rain. Further, whatever the

